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© An optically writing projection-type display in 
which two-dimensional information such as an image 
and a data pattern is input to a space-light modula- 
tion element (1) using writing light, and the informa- 
tion is two-dimensionally displayed on a screen (14) 
using display light (12). The optically writing space- 
light modulation element (1) is in close contact with 
the fiber plate (2) on a cathode-ray tube (3), and 
consists of a laminate and two transparent elec- 
trodes (15) sandwiching the laminate. The laminate 
comprises a nematic, cholesteric, or smectic liquid 
crystal (22), a liquid crystal composite (18), a dielec- 
tric multilayer mirror (17) reflecting light almost to- 
tally, an insulating light-absorbing layer (170) absorb- 
ing light having slightly transmitted the mirror (17), 
and a photoconductive layer (16) in this order. The 
liquid crystal composite (18) is so made that the 
same liquid crystal as the liquid crystal (22) is dis- 
persed and confined in a resin matrix (23) having a 
refractive index equal to any one of the refractive 
index of ordinary or xtraordinary ray of th liquid 
crystal or the r tractive ind x of the liquid crystal 



randomly oriented, or that the resin matrix is dis- 
persed and confined in the liquid crystal. The projec- 
tion light (1 3) is projected on the screen (1 4) using a 
white light source (4) for display and a projection 
optical system (6, 7, 8, 8', 9, 6\ 6", 10). A bright 
display image is displayed since neither a polarizing 
plate nor an analyzing plate is used. The device 
exhibits excellent space uniformity of a displayed 
image, quick response and high contrast An analog 
image can be easily displayed. A moving image can 
be displayed by using a Schlieren optical system. 
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TECHNICAL FIELD 



The present invention relates to a light writing 
type projection display, and more particularly to a 
light writing type projection display which has a 
function that applies two-dimensionai information, 
such as images or data patterns, to a spatial light 
modulator by using a write light beam, and dis- 
plays the information in two-dimensional form by 
using display light beam. 

BACKGROUND ART 

As conventional light writing type projection 
displays, the following apparatuses are known. 

(1) REFERENCE 1 (G. MARIE: 

Ferroelectrics, 1976, Vol. 10, pp. 9-14) dis- 
closes a light writing type projection display as 
shown in Fig. 8. It is arranged such that a DKDP 
(KD2PO4) crystal 251, a CaF 2 holder 261, a dielec- 
tric mirror 17, a photoconductive layer 16, a pair of 
transparent electrodes 15 and Peltier cells 27 are 
sealed in a vacuum vessel 241. In Fig. 8, reference 
numeral 6 designates a pair of lenses, 28, a po- 
larizing beam splitter, 29, a light source for display, 
30, an object used as an input image, 291 , a light 
source for illuminating the object, 31, an input light 
beam. 12, display light beam, 13, projected light 
beam, 33, a power source for driving the DKDP 
crystal 251 and the photoconductive layer 16, and 
34, a switch. 

In the arrangement, the input light beam 31 
emitted from the light source 291 such as xenon 
lamp or halogen lamp for illumination, reaches the 
photoconductive layer 16 through the lens 6 and 
the transparent electrode 15. The photoconductive 
layer 16 changes its resistivity spatially in accor- 
dance with the intensity of the input image. Accord- 
ingly, the electric field distribution applied to the 
DKDP crystal 251 can undergo the spatial change 
when the driving power source 33 connected to the 
pair of the transparent electrodes 15 is turned on 
and off by the switch 34. During this process, an 
applied electric field is converted into a spatial 
distribution of refractive indices of the DKDP cry- 
stal by the electrooptic effect thereof. On the other 
hand, the display light beam 12 mitted from the 
display light source 29 is polarized by the polariz- 
ing beam splitter 28, passes through the lens 6. the 
CaF 2 holder 261 in the vacuum vessel 241, and the 
transparent lectrode 15, illuminates the DKDP cry- 
stal 251. and is reflected on the dielectric mirror 
17. After that, it is transmitted along the path in the 
opposite direction, passes th polarizing beam 
splitter 28, and is projected on a screen (not shown 



in figure) as the projected light beam 13. 

(2) REFERENCE 2 (Shigeru Yoshikawa, Masakatsu 
Horie, Hideo Takahashi, and Takaki Shimura: 

5 

Journal of the Institute of Electronics and Com- 
munication Engineers of Japan, Vol. J59-C, No. 5 
(1976) pp. 305 - 312) discloses a projection type 
display as shown in Fig. 9. It has a dynamic 

70 scattering mode type nematic liquid crystal light 
valve 35 stuck to a cathode ray tube 3 with a fiber 
optic faceplate. In Fig. 9, reference numeral 36 
designates a signal generator, 37, a power source 
for driving the liquid crystal light valve 35, 29, a 

75 light source, 6, lenses,-8, a ultraviolet light cut filter, 
9, a mirror, 12, a display light beam incident on the 
liquid crystal light valve 35, 13, a projected light 
beam, and 14, a screen. In the arrangement, the 
light beam emitted from the light source 29 passes 

20 through the lenses 6, the ultraviolet light cut filter 8, 
and is reflected on the mirror 9 to be thrown as the 
display light beam 12. Subsequently, it passes 
through the lens 6 and reaches the liquid crystal 
light valve 35. The projected light beam 13 emitted 

25 from the liquid crystal light valve 35 passes 
through the lens 6, and is projected onto the 
screen 14, thus being displayed as an image. 

The dynamic scattering mode type nematic 
liquid crystal light valve 35 is arranged in such a 

30 manner that the following elements are integrally 
laminated in sequence as shown in Fig. 10: a 
transparent electrode 15 which is stuck on the fiber 
optic faceplate 2 of the cathode ray tube 3; a 
semitransparent electrode 38; an SeTe photocon- 

35 ductive layer 39; a wire plate 40; a spacer 41; 
nematic liquid crystals 42; a transparent electrode 
15; and a glass substrate 19. 

(3) REFERENCE 3 (A. G. Ledebuhr: 

40 

SID 86 Digest (1986) pp. 379 - 382) discloses 
a projection type display as shown in Fig. 11. It has 
cathode ray tubes 3 each having a fiber optic 
faceplate 2 and a liquid crystal light valve 43 that 

45 sticks on the fiber optic face plate 2, polarizing 
beam splitters 44, and dichroic filters 45. In Fig. 1 1 , 
ref rence numeral 11 designates input wires for 
feeding electric signals to the cathode ray tubes 3, 
47, a light source, 48, a display light beam mitted 

so from the light source 47, 46, a transparent plate for 
compensating th optical path length of the blue 
light. 49, an aperture, and 50, a projected light 
beam modulated by th three twisted nematic liq- 
uid crystal light valves 43. 

In the arrangem nt, the display light beam 48 
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emitted from the light source 47 passes the mirror 
9. the aperture 9, the mirror 9, and the lens 6. thus 
reaching the pair of polarizing beam splitters 44 
and 44. Then it passes the mirror 9 and the lens 6, 
and is spBt into three beams by the pair of dichroic 
filters 45. The three beams enter the three twisted 
nematic liquid crystal light valves 43, respectively. 
On the other hand, the three light beams modu- 
lated by the three twisted nematic liquid crystal 
light valves 43 are coupled into one light beam by 
the pair of dichroic filters 45, and it passes the lens 
6, the mirror 9, the polarizing beam splitter 44, the 
aperture 49, the mirror 9, the lens 6, and the mirror 
9, and is projected to a screen not shown in this 
figure as the projected light beam 50. Thus, an 
image is displayed. 

Each liquid crystal light valve 43 is arranged by 
laminating the following elements into a unit as 
shown in Fig. 12: an alignment layer 51, a nematic 
liquid crystal layer 52, an alignment layer 51, a 
dielectric multilayer mirror 53, a light absorption 
layer 54, a CdS photoconductive layer 55, and 
transparent electrodes attached to both ends of the 
laminated layers. In Fig. 12, reference numeral 41 
denotes a spacer in which the nematic liquid cry- 
stals are retained by a peripheral seal, 20, an 
alternating-current power supply connected to the 
transparent electrodes 15, 19, glass plates which 
are stuck on an outer side of each transparent 
electrode 15, 31, an input light beam, 12, a display 
light beam incident on the liquid crystal light valve 
43, and 13, a projected light beam, 

(4) REFERENCE 4 (J. Trias, W. Robinson, and T. 
Phillips: 

SID 88 Digest (1988) pp. 99 - 1 01 ) discloses a 
projection type display as shown in Fig. 13. In this 
display, a write light beam 57 emitted from an 
argon ion laser 56 is incident on a twisted nematic 
liquid crystal light valve 43 through a laser raster 
scanner 58. On the other hand, a display beam 12 
emitted from a xenon light source 4 is incident on 
the other surface of the liquid crystal light valve 43 
through a polarizing beam splitter 44, and the re- 
flected light beam thereon, namely, the projected 
light beam 13 is projected onto a screen (not 
shown in this figure) through a projection lens 6. 
thus displaying an image, in Fig. 13, reference 
numeral 59 designates an input electric signal, 60, 
a laser raster scanner electronics for driving the 
laser raster scanner 58 in accordance with the 
input electric signal 59. 

(5) REFERENCE 5 (Y. Mori, Y. Nagae, E Kaneko, 
H. Kawakami. T. Hashimoto and H. Shiraishi: 

Displays April (1988) pp. 51 - 55) discloses a 



projection type display as shown in Fig. 14. In this 
figure, a write light beams 62 emitted from laser 
diodes 61 are incident on smectic liquid crystal 
light valves 65 through an X-Y scanner 64. On the 

s other hand, display beams 12 emitted from xenon 
light sources 4 are incident on the other surfaces of 
liquid crystal light valves 65 through dichroic 
prisms 66, and the reflected beams on the valves 
are projected onto a screen 14 through a projection 

10 lenses 67. In fig. 14, reference numeral 68 des- 
ignates a liquid crystal light valve drive circuit, 66\ 
wavelength filters, 69, a f-fl lens, 63, a collimating 
lens, 70, a polarizing prism, 71, a beam splitter, 72, 
an X-Y scanner drive circuit, 73, a system control 

75 circuit, and 74, a laser diode drive circuit 

The smectic liquid crystal light valve 65 is 
arranged by laminating the following elements in 
sequence as shown in Fig. 15: a transparent elec- 
trode 15, an alignment layer 51, a smectic liquid 

20 crystal layer 75, an alignment layer 51, a metal 
mirror 76, a heat sinking layer 77, glass substrates 
19 provided on both sides the layer unit, and 
anti reflection films attached to the outer surfaces of 
the glass substrates 19. 

25 The conventional light writing type projection 

displays described above have the following dis- 
advantages. 

(1) The projection type display of REFERENCE 
1 , which is described in (1 ) above and is shown 

30 in Fig. 8, uses the electrooptic effect of the 
DKDP crystal 251 , resulting in the following. 
(1-1) It necessitates a polarizer and an ana- 
lyzer such as polarizing beam splitter 28. 
This reduces the availability of the display 

35 light beam to less than 50%. 

(1-2) A broad spectral width of the display 
light beam 12 will reduce a contrast ratio of 
an image. 

(1-3) As the DKDP crystal 251 is made thin- 
40 ner, the resolution will be improved. This, 

however, is difficult beyond a certain limit 
because a bulk single crystal cannot be 
thinned beyond a certain thickness by polish- 
ing (about 100 fim thick by current tech- 
45 nique). 

(1-4) It is difficult to obtain a DkDP crystal of 
a large area. 

(1-5) It is difficult to display a high definition 
image because of the reasons described in 

so (1-3) and (1-4). 

(1-6) TTie Peltier cells 27 must be used to 
cool the DKDP crystal 251 to about -50 - C. 
This makes th arrang ment complicated. 
(1-7) The driv voltage is large. 

55 Accordingly, the display of REFERENCE 1 

is unsuitable for displaying a high resolution 
image. 

(2) The projection type display of REFERENCE 
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2 which is described in (2) above, and is shown 
in Figs. 9 and 10 presents the following prob- 
lems because dynamic scattering mode type 
nematic liquid crystals are used as the light 
valve 35. s 

(2-1) The speed of response of the liquid 
crystals is very slow. 

(2-2) The power consumption of the liquid 
crystals is large, and the life of the liquid 
crystals is short because the liquid crystals w 
are subjected to current drive. 
(2-3) It has disadvantages such as a low 
contrast ratio of a displayed image. Accord- 
ingly, the display of REFERENCE 2 is unsuit- 
able for displaying motion images. is 
(2-4) In addition, it uses the wire plate 40. 
which reduces the resolution. 

(3) The projection type display of REFERENCE 

3 which is described in (3) above, and is shown 

in Figs. 11 and 12 has the following problems 20 
because the liquid crystal light valve 43 uses the 
birefringence of the twisted nematic liquid cry- 
stals. 

(3-1) The display has problems similar to 
those of (1-1), (1-3) and (1-4) with regard to 25 
the display described in (1). 
(3-2) In addition, the variation of thickness of 
the liquid crystal layer must be restricted 
within about ±50nm over the entire layer. This 
makes it e>ctremely difficult to fabricate a liq- 30 
uid crystal light valve of a large area and of a 
high, uniform quality. 

(3-3) The speed of response of the liquid 
crystals and CdS photoconductive layer is 
slow. 35 
Accordingly, the display of REFERENCE 3 

is unsuitable for displaying a high resolution 

motion image. 

(4) The projection type display of REFERENCE 

4 which is described in (4) above, and is shown 40 
in Fig. 13 has the following problems because it 
uses the liquid crystal light valve 43 like that 
used in the display of (3) above. 

(4-1) The display has problems similar to 
those of (3-1), (3-2) and (3-3) with regard to 45 
the display described in (3). 
(4-2) In addition, the write light source 56 and 
the beam splitter 44 become more compli- 
cated. 

(4-3) The laser raster scanner 58 makes the so 
write light beam 57 perform two dimensional 
scanning by using a traveling-wave lens us- 
ing the accoustooptic effect This produces 
higher order diffraction light around a con- 
densing spot, decreasing the resolution. 55 
Accordingly, the display of REFERENCE 4 
is unsuitable for displaying high resolution mo- 
tion images. 



(5) The projection type display of REFERENCE 
5 which is described in (5) above, and is shown 
in Figs. 14 and 15 operates on the following 
principle: it makes the write light beams 62 scan 
on the smectic liquid crystal light valves 65; 
converts the smectic liquid crystals retained in 
the liquid crystal light valves 65 from the homo- 
geneous state to the scattered state by using 
the thermal energy of the write light beams 62; 
and transmits or scatters the display light beams 
12. This poses the following problems. 

(5-1) Although the resolution is high, the 
speed of response is very slow. For example, 
it takes tens of seconds or about a minute to 
display a piece of still image. 
(5-2) It is difficult to display a gray scale 
image, that is, it is difficult to achieve full- 
color display. 

(5-3) The beam" scanner 64 must perform 
high precision scanning. 
Accordingly, the display of REFERENCE 5 is 
unsuitable for displaying motion pictures. 

DISCLOSURE OF THE INVENTION 

Accordingly, the object of the present invention 
is to provide a light writing type projection display 
which can solve the above-mentioned various prob- 
lems: a display that can display high quality, bright 
images or data patterns, that can convert optical 
wavelength, in particular, that can quickly convert 
incoherent optical images into coherent optical im- 
ages, or vice versa, and that is suitable for display- 
ing high definition motion images on a large 
screen. 

To accomplish the object the present invention 
is provided with a light writing type projection dis- 
play comprising: 

a spatial light modulator comprising a liquid 
crystal composition including liquid crystals and a 
transparent resin matrix, a dielectric multilayer film 
mirror that totally reflects a visible light spectrum in 
its entirety or a part thereof, an insulating light 
absorption layer that absorbs the light beam pass- 
ing through the dielectric multilayer film mirror, a 
photoconductive layer, which are laminated in this 
sequence, and transparent electrodes deposited on 
a surface of the glass substrate and a surface of 
the photoconductive layer, the resin matrix having 
a refractive index equal to the ordinary or extraor- 
dinary refractive index of the liquid crystals or 
equal to the refractive index of the liquid crystals 
which are randomly oriented, and the liquid cry- 
stals being enclosed and scattered in the resin 
matrix, or the resin matrix being enclosed and 
scattered in the liquid crystals; 

incident means which has a display device for 
converting an input image signal into an optical 
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image having a spectrum to which the photocon- 
d active layer responds, and which makes th op- 
tica! image incident on the spatial light modulator; 

illumination m ans which has a visual light 
source for emitting white light, and throws the white 
light to the spatial light modulator as a display light 
beam; and 

an image formation optical system which has 
an aperture, and makes a projected light beam 
which is reflected from the spatial light modulator 
form an image. 

Here, the display device may be a cathode ray 
tube. 

The cathode ray tube may have a fiber optic 
faceplate as its image display screen, the fiber 
optic faceplate being stuck to the spatial light 
modulator via a transparent liquid layer the refrac- 
tive index of which is close to that of the fiber optic 
faceplate. 

The display device may be a liquid crystal 
television set which is illuminated by a light beam 
having specta to which the photoconductive layer 
of the spatial light modulator responds. A light 
beam transmitted through the liquid crystal televi- 
sion set is incident on the photoconductive layer. 

The display may have a schlieren optical sys- 
tem in which the optical path of the display light 
beam incident on the spatial light modulator differs 
from the optical path of the projected light beam 
reflected by the dielectric multilayer film mirror in 
the spatial light modulator when an electric field is 
applied to the spatial light modulator. 

The liquid crystals may be one of the nematic 
liquid crystals, cholesteric liquid crystals, and 
smectic liquid crystals. 

According to another aspect of the present 
invention, there is provided a light writing type 
projection display comprising: 

a first, a second, and a third spatial light 
modulators each of which comprising a liquid cry- 
stal composition including liquid crystals and a 
transparent resin matrix, a dielectric multilayer film 
mirror that totally reflects a visible light spectrum in 
its entirety or a part thereof, an insulating light 
absorption layer that absorbs the light beam pass- 
ing through the dielectric muttiiayer film mirror, a 
photoconductive layer, which are laminated in this 
sequence, and transparent electrodes disposed on 
a surface of the liquid crystal composition and a 
surface of the photoconductive layer, the resin ma- 
trix having a refractive index equal to the ordinary 
or extraordinary refractive index of the liquid cry- 
stals or equal to the refractive ind x of the ran- 
domly oriented liquid crystals, and the liquid cry- 
stals being nciosed and scattered in the r sin 
matrix, or the resin matrix being enclosed and 
scattered in the liquid crystals: 

incident means which has a first, a second, 



and a third display devices which convert a blue, a 
green, and a red input image signals, respectively, 
into optical images each having a spectrum to 
which the photoconductive layer responds, and 

s which makes the optical images incident on the 
first, second, and third spatial light modulators; 

optical means which has a visual light source, 
and separates from white light emitted from the 
visual light source, a first fight beam whose spec- 

w trum is blue or near blue, a second light beam 
whose spectrum is green or near green, and a third 
light beam whose spectrum is red or near red; 

illumination means for throwing the first, sec- 
ond and third light beams onto the first, second 

75 and third spatial light modulators, respectively, as 
display light beams; and 

an image formation optical system which has 
an aperture, and makes projected beams which are 
reflected from the first, second and third spatial 

20 light modulators form an image, 

wherein a full-color image is displayed. 
Here, the first, second and third display de- 
vices may be cathode ray tubes. 

The cathode ray tubes may have fiber optic 

25 faceplates as their image display screens, the fiber 
optic faceplates being stuck to the first, second and 
third spatial light modulators via transparent liquid 
layers the refractive index of which is close to that 
of the fiber optic faceplates. 

30 The first, second and third display devices may 
be liquid crystal television sets which are illumi- 
nated by light beams having spectrums to which 
the photoconductive layers of the first, second and 
third spatial light modulators respond. Light beams 

35 transmitted through the liquid crystal television sets 
are incident on the photoconductive layers, respec- 
tively. 

The display may have a schlieren optical sys- 
tem in which the optical paths of the display light 

40 beams incident on the first, second and third spa- 
tial light modulators differ from the optical paths of 
the projected light beams reflected by the dielectric 
multilayer film mirrors in the first, second and third 
spatial light modulators when electric fields are 

45 applied to the first, second and third spatial light 
modulators. 

The liquid crystals may be one of the nematic 
liquid crystals, cholesteric liquid crystals, and 
smectic liquid crystals. 

so The present invention, having arrangements 

mentioned above, can display high quality, bright 
images or data patterns, can convert optical 
wavelength, in particular, can quickly convert in- 
coherent optical images into coherent optical im- 

55 ages, or vice versa, and is suitable for displaying 
high definition motion images on a large screen. 
More specifically: 

(A) The speed of response of the liquid crystal 
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composition constituting the present invention is 
from milliseconds to tens of milliseconds, which 
is faster than those of dynamic scattering mode 
type liquid crystals or of twisted nematic liquid 
crystals. As a result, the projection type display s 
of the present invention, has a faster speed of 
response than the conventional projection type 
display previously described in (1) - (5) above, 
and so is more suitable for displaying motion 
images. ;o 

(B) The projection type display of the present 
invention can display images without using a 
polarizer and/or an analyzer because it uses the 
light scattering characteristic of the liquid crystal 
.composition. Accordingly, the present invention 75 
can achieve bright display images with high 
spatial uniformity and a high contrast ratio. In 
addition, the present invention can solve the 
disadvantages of the conventional projection 
type displays: the disadvantages of the display 20 
described in (1) such as low availability of the 
display light beam, need for a high crystal 
polishing technique, reduction in a contrast ratio, 
need for a high parallelism of the display light 
beam, etc; the disadvantages of the display de- 25 
scribed in (3) such as low availability of the 
display light beam, difficulty in achieving a large 
area; and the disadvantages of the display de- 
scribed in (4) such as low availability of the 
display light beam, complication of the write 30 
light beam light source. 

(C) The spatial light modulator of the present 
invention need not the liquid crystal alignment 
layers which are essential for the liquid crystal 

light valves of the conventional projection type 35 
displays described in (1), (3) and (4) above. 
Thus, the liquid crystal layer of the present 
invention is not arranged in such a manner that 
the liquid crystal layer of liquid state is sand- 
wiched between the substrates. This makes it aq 
possible to enlarge the display screen, and 
greatly facilitates the fabrication of the device. 

(D) The liquid crystal composition of the present 
invention can be greatly enlarged in comparison 

with the conventional liquid crystal cells that 45 
retain the liquid crystals of liquid state between 
substrates with a peripheral seal (see Figs. 10 
and 12). In addition, the spatial light modulator 
of the liquid crystal composition can be easily 
enlarged by using an amorphous silicon film, for so 
example, as a photoconductive layer. Thus, size 
matching with a conventional cathode ray tube 
can be carried out more easily. 

(E) The electro-optic characteristics (optical 
transmittance T versus applied voltage V) of the 55 
liquid crystal composition has a smaller y (~ 
dT/dV) value than that of the twist d n matic 
liquid crystals or the ferroelectric liquid crystals. 



This facilitates displaying analog images. Con- 
sequently, it is suitable for analog display. 

(F) Using a liquid crystal television set in place 
of the cathode ray tube television set makes it 
possible to arrange a compact projection type 
display. 

(G) The present invention has an advantage that 
it can display motion images by using a 
schlieren optical system. 

The above and other objects, effects, features 
and advantages of the present invention will be- 
come more apparent from the following description 
of embodiments thereof taken in conjunction with 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram showing an exam- 
pie of the arrangement of the light writing type 
projection display of the present invention; 
Fig. 2 is a perspective view showing an example 
of the arrangement of the spatial light modulator 
that constitutes the arrangement of Fig. 1 ; 
Figs. 3A and 3B are perspective views illustrat- 
ing the operation of the liquid crystal composi- 
tion that constitutes the spatial light modulator of 
Fig. 2; 

Figs. 4 - 7 are schematic diagrams showing 
other examples of the arrangement of light writ- 
ing type projection display of the present inven- 
tion; and 

Figs. 8 - 15 are schematic diagrams showing 
arrangements of conventional light writing type 
projection displays described in REFERENCES 
1 - 5, and showing spatial light modulators that 
constitute the displays . 
BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

Embodiments of the present invention will be 
described with reference to the drawings. 

Fig. 1 shows schematically an arrangement of 
an embodiment of a light writing type projection 
display according to the present invention. In Fig. 
1, reference numeral 1 designates a spatial light 
modulator which will be described in more detail 
with reference to Fig. 2 later, 2, a fiber optic 
faceplate, 3, a cathode ray tube. The image display 
glass faceplate of the cathode ray tube 3 is re- 
placed by the fiber optic faceplate 2, and the 
spatial light modulator 1 is stuck on the fiber optic 
faceplate 2 via a transparent Squid layer. Th cath- 
ode ray tube 3 converts an electric signal fed 
through input wires 1 1 into an optical image, the 
spectrum of which activates the photoconductive 
layer in the spatial light modulator 1. 

Reference num ral 4 designates a display 
beam light source that operates as a visible light 
source by emitting white light As the light source 
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4, a lamp such as a xenon lamp, halogen lamp or 
metal hydride lamp can be used. The white light 
emitted from the display beam light source 4 that 
has a concave mirror 5 passes a collecting lens 6, 
infrared cut filter 7, ultraviolet cut filter 8, and color s 
filter 8\ is reflected by a mirror 9 to change the 
path, passes a lens 6'. and is incident onto the 
spatial light modulator 1. The lenses 6' and 6", and 
an aperture 10 constitute an image formation op- 
tical system through which a projected light beam w 
13 reflected from the spatial light modulator 1 
passes. The projected light beam 13 is then projec- 
ted on a screen 14, thereby displaying an image. 
The spatial light modulator 1 is driven by an 
alternating-current power supply 20. 75 

Fig. 2 shows an example of the arrangement of 
the spatial light modulator 1 of the embodiment 
shown in Fig. 1. As shown in Fig. 2, the spatial light 
modulator 1 is arranged by unitarily laminating the 
following elements in sequence: a transparent elec- 20 
trode 15; a photoconductive layer 16; a dielectric 
multilayer film mirror 17 that totally reflects the 
entire or a part of the visible spectrum; an insulat- 
ing light absorption layer 170 that absorbs the light 
beam transmitted through the dielectric multilayer 25 
film mirror 17; a liquid crystal composition 18; an 
electrode 1 5; and a glass substrate 1 9. The 
alternating-current power supply 20 is connected to 
the two transparent electrodes 15. In addition, be- 
tween the transparent electrode 15 sticking to the 30 
photoconductive layer 16 and the fiber optic 
faceplate 2, is inserted a transparent liquid layer 21 
the refractive index of which is equal to that of the 
fiber optic faceplate 2, or to that of the transparent 
electrode 15, or to that between the two refractive 35 
indices. 

The fiber optic faceplate 2 is integrally con- 
structed with the cathode ray tube: one surface of 
the fiber optic faceplate 2 is in the cathode ray 
tube, whereas the other surface thereof is in con- 40 
tact with the liquid layer 21. 

The liquid crystal composition 18 used in the 
present invention comprises a liquid crystals 22 
and a resin matrix 23 as shown in Figs. 3A and 3B: 
the liquid crystals 22 consists of nematic liquid 45 
crystals, cholesteric liquid crystals, or smectic liq- 
uid crystals; the resin matrix 23 is made of a 
transparent resin which has the refractive index 
equal to the ordinary or extraordinary refractive 
index of the liquid crystals, or to the refractive 50 
index when the liquid crystals are oriented in ran- 
dom directions; and the liquid crystals 22 are en- 
closed and scattered in the resin matrix 23. 

Mor specifically, the liquid crystal composition 
18 of the present invention takes a form of one of 55 
the following three types: first, the complex 18 has 
the liquid crystals 22 which ar enclosed and scat- 
tered in the r sin matrix 23, the liquid crystals 22 



being scattered taking various forms (the lengths of 
which are from hundreds of nanometers to a few 
tens micrometers) as shown in Figs. 3A and 3B, for 
example; second, the complex 18 has the liquid 
crystals 22 which are enclosed in the resin matrix 
23 in a micro-capsule-like shape; and third, the 
complex 18 has the resin matrix 23 which is en- 
closed and scattered in the liquid crystals 22 (not 
shown in the drawings). 

The liquid crystal composition 18 of such an 
arrangement, controls the light beam as follows: 
When the ordinary or extraordinary refractive index 
of the liquid crystals 22 is approximately equal to 
that of the resin matrix 23, the complex 18 is in the 
scattered state, in which the light beam is scat- 
tered, when the electric field is not applied to the 
liquid crystal composition 18 because the refractive 
indices of the liquid crystals 22 and the resin 
matrix 23 are different in this condition; on the 
other hand, the complex 18 is in the transparent 
state, in which the light beam is transmitted, when 
the electric field is applied to the liquid crystal 
composition 18 because the refractive indices of 
the liquid crystals 22 and the resin matrix 23 are 
approximately equal in this condition. 
Alternatively, when the refractive index of the ran- 
domly oriented liquid crystals 22 is approximately 
equal to that of the resin matrix 23, the liquid 
crystal composition 18 is in the transparent state 
because the refractive index of the liquid crystals 
22 and that of the resin matrix are equal when the 
electric field is not applied. On the other hand, 
when the electric field is applied to the liquid 
crystal composition 18, the index of the liquid cry- 
stals 22 and that of the resin matrix 23 are dif- 
ferent, and so the complex 18 is in the scatter d 
state. Although either type of the liquid crystal 
composition 18 can be used in the present inven- 
tion, the former type in which the ordinary or ex- 
traordinary refractive index of the liquid crystals 22 
is equal to that of the resin matrix 23 is preferable. 
In particular, the type in which the ordinary refrac- 
tive index of the liquid crystals 22 equals that of 
the resin matrix 23 is optimal in its performance. 

The photoconductive layer 16 of the present 
invention as shown in Figs. 2 and 3 is made of a 
material that sharply decreases its impedance with 
the illumination, such as CdS, CdSe, Se, SeTe, 
GaAs, GaP, Bii 2 Si0 2 o, Bii 2 6e02o. Si, hydrogen- 
doped amorphous silicon film, amorphous selenium 
film. Assuming that the impedances of the pho- 
toconductive layer 16 when illuminated and not 
illuminated by the write light beam ar Zqn and 
Zoff. respectively, that the impedance of the liquid 
crystal composition 18 is Ztc. and that th com- 
bined impedance of the di lectric multilayer film 
mirror 17 and th light absorption layer 170 is Z M . 
the spatial light modulator 1 has the relationship 
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expressed by the following equation (1). 
2off> Zlc> Z on » ZM (1) 



When the thickness and the dielectric constant 
of the photoconductive layer 16 are specified as ti 
and ei , the thickness and the dielectric constant of 
the liquid crystal composition 18 are defined as t2 
and 62. and the thickness and the dielectric con- 
stant of the combination of the dielectric multilayer 
film mirror 17 and the light absorption layer 170 are 
specified as and e3. the spatial light modulator 1 
of the present invention has the relationship ex- 
pressed by the following equation (2). 

ti/e, >t2/e 2 » t3/e 3 (2) 



Next, the operation of the light writing type 
projection display of the present invention will be 
described when the spatial light modulator 1 uses 
the liquid crystal composition 18 of the type in 
which the ordinary refractive index of the liquid 
crystals 22 is approximately equal to that of the 
resin matrix 23. 

When the electric signal applied through the 
input wires 11 in Fig. 1 is zero, the emission 
intensity of the cathode ray tube 3 is also zero. As 
a result, almost all the voltage applied to the spatial 
light modulator 1 is applied to the photoconductive 
layer 16 according to equation (1), and so the 
voltage applied to the liquid crystal composition 18 
is small. Consequently, the molecules of the liquid 
crystals 22 face various directions in conformity 
with the irregular surfaces of the resin matrix 23 as 
shown in Fig. 3A. In this case, the liquid crystals 22 
have a refractive index of {(2n 0 2 + ne 2 )^} 0 - 5 which 
is different from the refractive index (n,,) of the 
resin matrix 23 surrounding the liquid crystals 22. 
Thus, the display light beam 12 is scattered in the 
liquid crystal composition 18 so that the projected 
light beam 13 takes the smallest intensity. 

As the electric signal applied through the input 
wires 11 increases, the fluorescence 21" on the 
screen of the cathode ray tube 3 increases in 
accordance with the level of the electric signal. The 
fluorescence 21* illuminates the photoconductive 
layer 16 through the fiber optic faceplate 2, thus 
decreasing the impedance of the photoconductive 
layer 16 so that the voltage applied to the liquid 
crystal composition 18 increases. When the level of 
the electric signal applied to the input wires 1 1 is 
sufficiently large, th longitudinal axes of th liquid 
crystal molecules of the liquid crystal composition 
18 align in the direction of the applied electric field 
as shown in Fig. 3B. Thus, the display light beam 
12 incident approximately normally on the liquid 



crystal composition 18 passes the liquid crystals 
22 without scattering, because the ordinary refrac- 
tive index n 0 of the liquid crystals 22 is approxi- 
mately equal to the refractive index n p of the resin 
5 matrix 23. Consequently, the projected light beam 

13 is reflected by the dielectric multilayer film 
mirror 17 and takes the maximum intensity. 

In this case, the image projected on the screen 

14 is a brightened and enlarged image of the 
to original optical image emitted from the cathode ray 

tube 3. The spectra of the image projected on the 
screen 14 can be optionally selected by the color 
filter 8\ The contrast ratio and brightness of the 
image projected on the screen 14 can be adjusted 

75 by the aperture 10 functioning as a field stop: when 
the opening of the aperture 10 is made larger, the 
brightness of the projected image on the screen 14 
increases, whereas the contrast ratio thereof de- 
creases; in contrast with this, when the opening of 

20 the aperture 10 is made smaller, the contrast of the 
projected image on the screen 14 is improved, 
whereas the brightness decreases. 

Fig. 4 shows another arrangement of the light 
writing type projection display of the present inven- 

25 tion. The display of Fig. 4 is a full-color projection 
type display arranged by using three sets of basic 
arrangement each of which has a configuration 
including a cathode ray tube as shown in Fig. 1 . In 
Fig. 4, reference numeral 24 designates a dichroic 

30 mirror that reflects a part of the light beam 12 and 
transmits the other part of the light beam 12, the 
part of the light beam 12 having the spectrum of 
blue or near blue light 12B (called the blue light 
beam 12B hereinafter) of the white light 12 emitted 

35 from the visual light source 4. Reference numeral 
25 designates a dichroic mirror that reflects a part 
of the visible light that passes the dichroic mirror 
24 and reflects the other part thereof, the part of 
the light beam having the spectrum of green or 

40 near green light 12G (called the green light beam 
12G hereinafter), and the other part of the light 
beam having the spectrum of red or near red light 
12R (called the red light beam 12R hereinafter). 
In Fig. 4, reference numerals 1B and 3B des- 

45 ignate a spatial light modulator and a cathode ray 
tube that respond to the blue light beam 12B, and 
convert the blue light beam 12B into the projected 
light beam 13B by modulating the blue light beam 
12B. Reference numerals 1R and 3R designate a 

50 spatial light modulator and a cathode ray tube that 
respond to the red light beam 12R, and convert the 
red light beam 12R into the projected light beam 
13R by modulating the red light beam 12R Refer- 
enc numerals 1G and 3G designate a spatial light 

55 modulator and a cathode ray tube that r spond to 
the green light beam 12G, and convert the green 
light beam 12G into the projected light b am 13G 
by modulating the green light beam 12G. The 
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respective projected light beams 13B, 13R and 
13G are coupled to the proj cted light beam 13 by 
the dichroic mirrors 24 and 25, and the light beam 
13 is projected onto the screen 14 to be displayed. 

Fig. 5 shows still another arrangement of the 
light writing type projection display of the present 
Invention. In the arrangement of Fig. 5, the dichroic 
mirrors 24 and 25 in the arrangement of Fig. 4 are 
removed and are replaced by four dichroic prisms 
26. Incidentally, in Fig. 5, the light beams incident 
on and reflected from the spatial light modulators 
1B, 1G and 1R are depicted as though they pass 
the same light paths, for simplicity. In reality, how- 
ever, they pass slightly different paths as the light 
beams 12B and 13B, 12G and 13G, and 12R and 
13R pass slightly different light paths as shown in 
Rg. 4. 

The light writing type projection display of the 
present invention can also use a common conven- 
tional cathode ray tube instead of the cathode ray 
tube with the fiber optic faceplate of Rg. 1. This 
type of display can be arranged as shown in Fig. 6: 
the image on a common conventional cathode ray 
tube 3* is focused on the spatial light modulator 1 
through a lens 6"\ Likewise, the arrangements of 
the embodiments shown in Figs. 4 and 5 can use 
the combination of the common conventional cath- 
ode ray tube 3" and the lens 6'" in place of the 
cathode ray tube with the fiber optic faceplate. 

Furthermore, as shown in Rg. 7, the light writ- 
ing type projection display of the present invention 
can use a liquid crystal television set 80 instead of 
the cathode ray tube in Fig. 6. In Fig. 7, reference 
numeral 81 designates a write light beam having 
such spectra that effectively produce the photocon- 
ductive effect of the photoconductive layer 16 con- 
stituting the spatial light modulator 1. In addition, 
inserting a second aperture 10* between the lens 
6* n and the spatial light modulator 1 so as to make 
the write light beam 81 coherent light makes it 
possible to eliminate unnecessary images of the 
liquid crystal television set 80 (such images as 
wiring of the matrix or the thin film transistor cir- 
cuitry of the set projected on the screen). This 
makes it possible to write only original images on 
the spatial light modulator 1, thus achieving high 
quality projected images without unevenness. 

Furthermore, in the arrangements of the em- 
bodiments shown in Figs. 4 and 5, the combination 
of the liquid crystal television set 80 and the focus- 
ing lens 6'" can be used in place of the cathode 
ray tube with the fiber optic faceplate so as to 
construct the projection type displays. 

The projection type displays of the embodi- 
ments of the present invention described above 
with reference to Figs. 1, 4, 5, 6 and 7 adopt a 
schli r n optical system in which th ptical paths 
of the display light beam 12 and the projected light 



beam 13 are different. Although the conventional 
projected type displays of Figs. 9 and 14 using the 
schlieren optical system can only display still im- 
ages, the projected type displays of the present 

5 invention can display both the still and motion 
images. Alternatively, the mirror 9 of Figs. 1 , 4, 5, 6 
and 7 can be replaced with a half mirror (not 
shown) so that the optical paths of the display light 
beam 12 and the projected light beam 13 will 

10 coincide. 

As a practical example, the display of Rg. 7 
was set up by using the spatial light modulator 1 
having the following elements: the photoconductive 
layer 16 of BiisSiCfeo of 0.5mm thick; the liquid 

is crystal composition 18 of 20 pm thick, which was 
made of cyanobiphenyl based nematic liquid cry- 
stals and acryl resin; the transparent electrodes 15 
of 70nm thick; and the transparent glass substrate 
19 of 1mm thick. The display could achieve good 

20 projected images as expected. Here, as the liquid 
crystal television set 80, was used a three-inch 
black and white pocket type liquid crystal television 
set. As the light source 4, was used a 1kW xenon 
lamp, and as the color filter 8\ was used a color 

25 filter that cuts off the light beam whose wavelength 
was shorter than 560 nm. In addition, it was proved 
that the display of the embodiment was preferably 
used as a projection type display, particularly, as a 
large screen display: the display could reproduce 

30 motion images of 1.4 m x 1.1 m on the screen 14. 

INDUSTRIAL APPLICABILITY 

As described above, according to the present 
35 invention, the following distinctive effects can be 
obtained. 

(1) The light writing type projection display of 
the present invention does not necessitate a 
polarizer and/or an analyzer. As a result, the 

40 display image of the present invention is of 
more than double the brightness of the image of 
the conventional projection type display that 
uses a polarizer and an analyzer. 

(2) It does not necessitate the alignment pro- 
45 , cessing which must be performed on the liquid 

crystals used in the conventional spatial light 
modulators. This makes it possible to fabricate 
large area spatial light modulators. Thus, high 
definition, bright, large area images can be easi- 
50 ly displayed. 

(3) It does not use the birefringence or optical 
rotatory power of liquid crystals. This reduces 
unev nness of Images. 

(4) It is not necessary to highly collimate the 
55 display light beam incident on the spatial light 

modulator, and hence, the light emission area of 
th display light source can be made rather 
large. This achieves bright display images. 
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(5) The projection type display of the present 
invention has a short response time compared 
with a conventional light writing type projection 
display that uses a spatial light modulator com- 
posed of twisted nematic liquid crystals or dy- s 
namic scattering mode type liquid crystals: the 
total time of the rising and falling times of the 
spatial light modulator used by the present in- 
vention is about milliseconds to tens of millisec- 
onds; this is much shorter than the total time (of 10 
50 milliseconds to hundreds of milliseconds) of 

the rising and falling times of the conventional 
light write type spatial light modulator using 
twisted nematic liquid crystals. 

(6) Since the spatial light modulator used by the 75 
present invention exhibits an input-output optical 
characteristic the y value of which is small, it is 
preferably used for displaying an analog light 
images. In contrast, since the projection type 
display using a conventional light write type 20 
spatial light modulator has a large 7 value, 
which is not suitable for displaying an analog 
light images. 

(7) It can display motion images by using the 
schlieren optical system. 25 

While the present invention has been de- 
scribed in detail with respect to preferred embodi- 
ments, it will be understood that numerous modi- 
fications, changes, variations and equivalents will 
be made by those skilled in the art without depart- 30 
ing from the spirit and scope of the invention. 
Accordingly, it is intended that the invention herein 
be limited only by the scope of the appended 
claims. 

35 

Claims 

1- A light writing type projection display char- 
acterized by comprising: 

a spatial light modulator comprising a liq- ao 
uid crystal composition including liquid crystals 
and a transparent resin matrix, a dielectric mul- 
tilayer film mirror that totally reflects light with 
visible spectra in its entirety or a part thereof, 
an insulating light absorption layer that absorbs as 
the light beam passing through the dielectric 
multilayer film mirror, a photoconductive layer, 
which are laminated in this sequence, and 
transparent electrodes disposed on a surface 
of the liquid crystal composition and a surface so 
of the photoconductive layer, the resin matrix 
having a r tractive index equal to the ordinary 
or extraordinary retractive index of the liquid 
crystals or equal to the refractive index of the 
liquid crystals which are randomly oriented, 55 
and the liquid crystals being enclosed and 
scattered in the resin matrix, or the resin ma- 
trix being enclosed and scattered in the liquid 



crystals; 

incident means which has a display device 
converting an input image signal into an optical 
image having spectra to which the photocon- 
ductive layer responds, and which makes the 
optical image illuminate the spatial light 
modulator; 

illumination means which has a visual light 
source emitting white light and throws the 
white light to the spatial light modulator as a 
display light beam; and 

an image formation optical system which 
makes a projected light beam which is re- 
flected from the spatial light modulator pass 
through a lens and an aperture to form an 
image. 

2. A light writing type projection display as 
claimed in claim 1, characterized in that the 
display device is a cathode ray tube. 

3. A light writing type projection display as 
claimed in claim 2, characterized in that the 
cathode ray tube has a fiber optic faceplate as 
its image display screen, and the fiber optic 
faceplate is stuck to the spatial light modulator 
via a transparent liquid layer the refractive in- 
dex of which is close to that of the fiber optic 
faceplate. 

4. A light writing type projection display as 
claimed in claim 1, characterized in that the 
display device is a liquid crystal television set 
which is illuminated by a light beam having 
spectra to which the photoconductive layer of 
the spatial light modulator responds, and the 
light beam is a light beam incident upon the 
photoconductive layer after passing through 
the liquid crystal television set. 

5. A light writing type projection display as 
claimed in any one of claims 1 - 4, character- 
ized in that the display comprises a schlieren 
optical system in which the optical path of the 
display light beam incident on the spatial light 
modulator differs from the optical path of the 
projected light beam reflected by the dielectric 
multilayer film mirror in the spatial light 
modulator when an electric field is applied to 
the spatial light modulator. 

6. A light writing type projection display as 
claimed in any one of claims 1 - 5, character- 
ized in that the liquid crystals are one of the 
nematic liquid crystals, cholesteric liquid cry- 
stals, and smectic liquid crystals. 

7. A light writing type projection display char- 
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acterized by comprising: 

a first, a second, and a third spatial light 
modulators each of which comprising a liquid 
crystal composition including liquid crystals 
and a transparent resin matrix, a dielectric mul- s 
tilayer film mirror that totally reflects light with 
visible spectra in its entirety or a part thereof, 
an insulating light absorption layer that absorbs 
the light beam passing through the dielectric 
multilayer film mirror, a photoconductive layer, 10 
which are laminated in this sequence, and 
transparent electrodes disposed on a surface 
of the liquid crystal complex and a surface of 
the photoconductive layer, the resin matrix 
having a refractive index equal to the ordinary 75 
or extraordinary refractive index of the liquid 
crystals or equal to the refractive index of the 
randomly oriented Oquid crystals, and the liq- 
uid crystals being enclosed and scattered in 
the resin matrix, or the resin matrix being 20 
enclosed and scattered in the fiquid crystals; 

incident means which has a first, a second, 
and a third display devices which convert a 
blue, a green, and a red input image signals, 
respectively, into optical images each having 25 
spectra to which the photoconductive layer re- 
sponds, and which makes the optical images 
illuminate the first, second, and third spatial 
light modulator; 

optical means which has a visual light 30 
source, and separates from white light emitted 
from the visual light source, a first light beam 
with blue or near blue wavelengths, a second 
light beam with green or near green with- 
lengths, and a third light beam with red or near 35 
red wavelengths; 

illumination means for throwing the first, 
second and third fight beams onto the first, 
second and third spatial light modulators, re- 
spectively, as display light beams; and 40 

an image formation optical system which 
makes projected beams which are reflected 
from the first, second and third spatial light 
modulators pass through a lens and an ap- 
erture to form an image, 45 

wherein a full-color image is displayed. 

8. A light writing type projection display as 
claimed in claim 7, characterized in that the 

first, second and third display devices are 50 
cathode ray tubes. 

9. A light writing type projection display as 
claimed in claim 8, characterized in that the 
cathode ray tubes have fiber ptic faceplates 55 
as their image display screens, and the fiber 
optic faceplates are stuck to the first, second 

and third spatial light modulators via transpar- 



ent liquid layers the refractive index of which is 
close to that of the fiber optic faceplates. 

10. A light writing type projection display as 
claimed in claim 7, characterized in that the 
first, second and third display devices are liq- 
uid crystal television sets which are illuminated 
by light beams having spectrums to which the 
photoconductive layers of the first, second and 
third spatial light modulators respond, and the 
light beams are light beams incident upon the 
photoconductive layers of the first, second and 
third spatial light modulators after passing 
through the first, second and third liquid crystal 
television sets. 

11- A light writing type projection display as 
claimed in any one of claims 7-10, character- 
ized in that the display comprises a schlieren 
optical system in which the optical paths of the 
display light beams incident on the first, sec- 
ond and third spatial light modulators differ 
from the optical paths of the projected light 
beams reflected by the dielectric multilayer 
film mirrors in the first, second and third spatial 
light modulators when electric fields are ap- 
plied to the first, second and third spatial light 
modulators. 

12. A light writing type projection display as 
claimed in any one of claims 7-11, character- 
ized in that the liquid crystals are one of the 
nematic liquid crystals, cholesteric liquid cry- 
stals, and smectic liquid crystals. 
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